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In South Africa the paradox is heightened. South Africa is the first 
and only country to make nuclear bombs and then to renounce 
them. Now South Africa uses nuclear technology to make electricity 

and to save thousands of lives by nuclear medicine. Koeberg Power 
Station near Cape Town provides clean, safe, reliable and economic 
electricity. The Safari nuclear reactor at Pelindaba near Pretoria, run by 
Necsa, makes medical radioisotopes, which are used in South Africa 
and exported to 60 countries on five continents. Every two seconds 
somebody somewhere in the world is injected with nuclear medicine 
from Pretoria and a life is saved every three hours. Safari produces a 
number of other industrial products as well.

Nuclear power now provides about 14% of the world’s electricity. 
In South Africa, 6% of our electricity comes from Koeberg, our only 
nuclear station, and 92% from coal. Each of our big coal stations typi-
cally uses 15 million tons of coal a year (17 thousand tons an hour); 
it is too expense to transport such volumes of coal long distances, 
so the coal station must be built next to the coal fields; but all of the 
coal fields are in the north east interior of the country, so that is where 
all the big coal stations are. Koeberg is the only big power station in 
the entire west of the country or on the coast. 

This article covers the last 25 years of nuclear development in 
South Africa. Unfortunately, this period began with Chernobyl and 
ended with Fukushima! So let us look first at nuclear safety.

The diagram shows the number of accidents in each energy sector 
that killed five people or more between 1969 and 2000. The accidents 
are for the full energy cycle, including mining, fuel processing, manu-
facturing, construction, operation and decommissioning.

As the diagram shows, nuclear is the safest by far, and if you con-
sider the total number of deaths in these accidents, it is even better.

The single nuclear accident in the graph was Chernobyl in the 
USSR in 1986. The accident happened during a commissioning trial. 
The secondary reason for it was that the engineer in charge delib-
erately and illegally violated safe procedures when the instruments 
showed clearly that the reactor was in trouble. But the primary reason 
was bad reactor design, which would never have been allowed in the 
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Nuclear power is paradoxical. It has by far the best safety record of any source of energy; yet it is perceived as being very dangerous. It is very 

clean and is the only energy technology with procedures for storing its waste safely; yet it is perceived to have a terrible waste problem. Most 

of all, it was born of a weapon from Hell. Nuclear technology was first developed in the 2nd World War to make atomic bombs (because the allies 

were terrified that Hitler might make them first). The colossal destructive energy of nuclear weapons was then converted into the colossal benign 

energy of nuclear power. There is no more dramatic example of beating a sword into a ploughshare.

Abbreviations

NPT - Non-Proliferation Treaty
NTP Radioisotopes
PNE - Peaceful Nuclear Explosives
PWR - Pressurised Water Reactor
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West. The Soviet authorities had been building reactors to deliver 
maximum power as economically as possible, but with scant regard 
for safety features to protect the public. The Soviet authorities of the 
day could get away with this approach since they did not have an 
electorate to which they were accountable.

Since 2000, the record of nuclear safety continued to improve. 
However, on 11 March 2011, the biggest earthquake and tsunami on 
record struck north east Japan and killed more than 22 thousand peo-
ple. All of the nuclear power stations in the affected area shut down 
safely, except for Fukushima Daiichi. Here all three running reactors 
went safely to ‘hot shutdown’ (meaning that all fission stopped) when 
they detected the ground movement of the earthquake, as they were 
designed to do. Had there been no tsunami that would have been the 
end of the matter. It was the 14 metre high wall of water that arrived 
nearly an hour after the earthquake that caused all the damage. The 
reactors still needed cooling pumps to remove the decay heat from 
the radioactive fission products to take the reactors to ‘cold shutdown’. 
Back-up diesel generators were providing the power for this when the 
tsunami put them out of action. The cooling stopped. The nuclear fuel 
over-heated and melted down before the Japanese engineers could 
bring emergency cooling to the reactors. Consequently there was 
damage to the reactors and some releases of radiation. A chemical 
reaction between the hot Zirconium fuel cladding and the steam then 
released hydrogen, which was vented into the buildings above the 
reactors. The hydrogen later exploded in the air and blew off the roofs 
of the buildings, providing spectacular TV footage for the world to 
see. The Japanese authorities evacuated thousands of people from 
the vicinity as a precautionary measure.

Archaeological studies show that Japan had suffered tsunamis 
as big as this in the last thousand years. Fukushima Daiichi should 
have been designed against them, and was not. It is remarkable that 
Koeberg, in an area of very low seismic activity, is of such a height 
above sea level as to be able to withstand a bigger tsunami than Fuku-
shima, which was built in an area of extremely high seismic activity.

However, in spite of all this, the human casualties have been 
remarkably low. No one at or near Fukushima has died from any ra-
diation so far, and in fact the releases have been too low to harm the 
public. Some of the workers did receive dangerously high doses and 
might now have an increased chance of cancer in the future. That’s it. 
Fukushima has turned out to be a remarkable tribute to nuclear safety. 

South Africa’s nuclear history began in 1944 when the allies, 
mistakenly thinking that uranium was very rare, briefed the South 
African Prime Minister, Jan Smuts, about the their atomic bomb 
programme and asked South Africa to look for uranium in ground 

linked to gold mining. It was found. In 1948 the Atomic Energy 
Board (AEB) was established. In 1952 uranium production began, 
at the WRC Gold Mine. In 1960, the Pelindaba site near Pretoria was 
purchased and a contract placed for the SAFARI 1 research reactor 
(South African Fundamental Atomic Research Installation). In 1965 
the SAFARI 1 nuclear reactor was commissioned, with a power of 
20 MW. In 1971 construction began on a uranium enrichment plant 
at Pelindaba. Koeberg site was purchased in 1971, and in 1976 the 
French company Framatome was awarded the contract to build two 
920 MW pressurised water reactors (PWRs). 

Starting in 1971 the AEB, with government permission, had started 
secretly examining the possibility of using peaceful nuclear explosives 
(PNEs) in mining and construction. At the time such PNEs were a seri-
ous consideration in the US and USSR. The Russians actually used 
five PNEs to construct water reservoirs, 21 to stimulate oil and gas 
recovery and five for controlling runaway oil and gas fires. By 1974 
the AEB was certain that it could construct a PNE but due to general 
world opinion the project was stopped. The peaceful explosives 
project then became military and progress was made in the devel-
opment of nuclear weapons. A full scale nuclear device, containing 
only unenriched uranium (ie it could not explode) was tested in 1976. 
This was a detonation system and device design test. In 1977 South 
Africa excavated a large underground nuclear weapons test facility 
at Vastrap in the Northern Cape, but this facility was never used.

In 1984 the first unit at Koeberg came on stream, and in 1985 
the second unit started up. Twenty-five years ago, in 1986, Koeberg 
Nuclear Power station was running successfully; Pelindaba was be-
ginning to make finished fuel for it; Safari was running successfully 
as a research reactor; and South Africa had six nuclear bombs. The 
intention behind the bombs might have been malign and foolish but 
the technical achievement in making them, and in making finished 
fuel for Koeberg, was a great tribute to South African engineering 
expertise. In the next few years, everything changed.

In 1989, soon after gaining office, President de Klerk ordered 
the bomb project to be stopped. In 1990, the enrichment plant was 
shut down and Safari began commercialisation (making isotopes 
for the market). From then on fuel for Koeberg was bought on the 
international market, which was cheaper than that made at Pelindaba. 
By 1991 the bombs were gone and South Africa signed the nuclear 
Non-Proliferation Treaty (NPT). South Africa has been an exemplary 
member ever since. 

Koeberg has served South Africa well over the last 25 years. 
Despite occasional highly publicised blunders, such as the famous 
bolt dropped into a generator in 2005, Koeberg has run reliably. The 

o Nuclear energy has shown itself to be the safest energy source available, and is also highly cost 
effective.

o A properly designed nuclear reactor should always have negative reactivity coefficients at every 
power level and every transition. If power increases for some reason, the negative reactivity will 
naturally counter it. Chernobyl had a positive coefficient for steam bubbles (‘voids’) at low power. 
This caused the reactor to run away. In Koeberg steam bubbles will always cause negative reactivity 
and shut the reactor down.

o Fukushima Daiichi was designed for a 4,4 m tsunami on top of a mean high tide of 1,3 m. Koeberg 
was designed for a 4 m tsunami on top of an astronomic highest tide and strong waves. In effect the 
heights of Koeberg would give it better protection against large tsunamis than Fukushima would. 
This is astonishing considering that there is very little seismic activity in South Africa. Furthermore 
Koeberg has various features, such as large containment volume, the nature of is steam driven pumps 
and its passive hydrogen recombiners, that protect it much better against a Fukushima type accident.
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load factor (or capacity factor) of a power station tells you how much 
the station actually produces compared with its theoretical maximum 
capacity. The load factor of nuclear power in the best nuclear coun-
tries in the world, the USA and South Korea is 90%. Over the last 
ten years Koeberg’s has been 80%, which is not the best but pretty 
good, on a par with France and better than Japan. In 2004 and 2005 
Koeberg won the Jan H Smith award for the best performing power 
station in South Africa.

Koeberg has recently negotiated an order with vendors to have its 
steam generators changed. These are the heat exchangers that take 
heat from the hot water from the reactors and use it to make steam 
from the feedwater to power the turbines. In early days they were re-
garded as the Achilles heel of pressurised water reactors but modern 
design and materials have made them reliable and efficient. The refit 
would have extended Koeberg’s life to 60 years. Unfortunately, in 
June this year, the government stopped the order. The reasons seem 
to be entirely political, to do with a breakdown in protocol between 
Eskom and the Department of Public Enterprises, and not technical. 
Let’s hope the order will soon be reinstated.

In 2007, Eskom went out on tender for the building of 3 000 MW 
of new nuclear power plant. The reactors had to be of the pressurised 
water type. Only two vendors eventually put in bids: Areva (France) 
with two 1 600 MW EPR reactors; and Westinghouse (Japan/USA) 
with three 1 100 MW AP1000 reactors. As the bids came in 2008, the 
world financial system was collapsing, and the bids were much higher 
than Eskom had expected (probably because Eskom had expected the 
vendors to take too much commercial risk and because the orders 
were for only two or three units). Eskom declined to order.

There is 9 600 MW of nuclear power allowed for in the IRP2010 
(Integrated Resources Plan) which provides a plan for new electricity 
generation until 2030. It is hoped that negotiations with vendors - or 
‘partners’ - will begin early in 2012. The order will be for a fleet of 
reactors, where the vendor will have to help develop a programme of 
localisation for manufacture and construction of plant and equipment, 
as has happened very successfully in South Korea. The list of vendors 
is likely to be lengthened to include South Korea, Russian and China.

A rather sad episode in South Africa’s nuclear history was the 
Pebble Bed Modular Reactor (PBMR), which held vast promise and 
which could have been a great industrial and economic success. The 
idea of the PBMR was for a fairly small nuclear power unit of the 
order of 100 MW that was inherently safe. This meant that safety did 
not rely on active mechanisms, such as in conventional reactors, but 
simply on the laws of nature. No human error or equipment failure 
could ever cause an accident that would endanger life. The PBMR was 
based on a very successful German pilot plant that used helium as 
the coolant, graphite as the moderator, and with fuel in the form of 
tiny grains of uranium dioxide encased in tough, highly heat-resistant 
layers and embedded in graphite ‘pebbles’ the size of cricket balls. 
Such a small and simple reactor would have a huge niche market. 

In 1993, the PBMR was adopted by Eskom as a research project. In 
1999 the PBMR Company was founded. By around 2002 a conceptual 
design for a full sized commercial demonstration power plant was 
complete. It caused great interest all around the world. Unfortunately 
the obvious customer, Eskom, would not place an order. Thereafter 
the project somewhat lost its way, not sure who its likely customer 
would be, changing designs too often, becoming more of a nuclear 
research services company than a nuclear manufacturing company. 

In 2010 the project was ended by the Government. Under the PBMR 
project, South African nuclear engineers and scientists became 
world leaders in gas cooled reactors and produced a large amount 
of important nuclear research. But the project failed to realise its 
huge potential. 

NTP Radioisotopes, using the Safari reactor, now one of the larg-
est producers of radiopharmaceuticals in the world. These are used 
both for medical diagnosis and therapy. Safari also produces isotopes 
for industrial uses, including the inspection of welds and pressure 
vessels. At the company iThembaLABS near Cape Town, various 
radioisotopes are produced by a cyclotron accelerator for nuclear 
medicine and other uses. South Africa is critically short of electricity 
generating capacity. The new coal stations being built, Medupi and 
Kusile, will give some relief but are not nearly enough to provide 
for our growing economy in future. We need much more baseload 
power and the only two realistic options we have are coal and nuclear. 

Wind and solar, good for many applications, are useless for bulk 
power, staggeringly expensive and hopelessly unreliable. Koeberg 
produces about 12 600 GWh of electricity a year. The nearby Darling 
Wind Farm, with four 1,3 MW turbines, claims to produce 8,6 GWh 
a year. So you would need 5 860 Darling wind turbines to generate 
the same amount of electricity as Koeberg on a day when the wind 
is blowing optimally. And on a still day they would generate not one 
single kWh. Whether or not you believe that carbon dioxide emissions 
are causing dangerous climate change (we don’t), there is no doubt 
that nuclear power is the best way of reducing them.

Conclusion

Coal has its problems, including location. Coal stations can only be built 
near the coal fields. Nuclear can be built wherever we want, including 
at the coast and in the west of the country, both of which have grow-
ing demand. Koeberg has shown the way. Small nuclear reactors of 
the 100 to 200 MW size range will also come into being in the near 
future, they will change the world energy scene. Now let a new fleet of 
South African nuclear power reactors follow. South Africa needs them.
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